Expression pattern analysis and activity determination of matrix metalloproteinase derived from human macrophage subsets.
The polarization behavior of macrophages determines the clinical outcome after implantation of biomaterials. Formation of classically activated macrophages (CAM) may result in cell fusion to form foreign body giant cells, which induce and support uncontrolled inflammatory responses and can cause undesired material degradation. In contrast, polarization into alternatively activated macrophages (AAM) is assumed to support healing processes and implant integration. The expression of matrix metalloproteinases (MMP) by the different macrophage subsets might play a crucial role for inflammatory and wound healing processes and may subsequently influence the implant integration. Therefore, it is of importance to characterize the MMP expression pattern by the different macrophage subsets. This knowledge could support the design of biomaterials in which specific MMP cleavage sites are incorporated allowing a controlled cell-mediated degradation of the material. However, it needs to be considered that the pure expression levels may not correlate with the enzymatic activity of the MMP, which depends on a variety of different parameters such as additional co-factors. For this reason, the differential MMP expression levels and the overall enzymatic activity of in vitro generated human non-polarized macrophages (M0), CAM, and AAM are analyzed in this study. While MMP-1, MMP-3, and MMP-10 showed the highest expression levels in CAM, MMP-12 was most strongly expressed by AAM. Interestingly, although various MMP were expressed at high levels in CAM, the enzymatic MMP activity was increased in supernatants of AAM cultures. The data presented here illustrate the importance to combine the measurement of MMP expression levels with the analysis of the enzymatic activity. The observed MMP-12 expression in combination with the higher enzymatic activity detected in AAM supernatants might motivate the design of biomaterials, whose structure could be modified by MMP-12 catalyzed reactions leading to interactive polymers.